The changes which may occur in the partition of the blood protein fractions in diTferent pathological conditions have been given little systematic study. For the most part, the recorded observations deal with the alteration in the albumin-globulin ratio in infections and in various immune states (1) .
The present study was undertaken to determine whether the rise in the serum globulin~ reported in immunized animals occurred also during the immunity or tolerance to proteose intoxication, which develops in dogs with long-standing intestinal loops or after the injection of repeated, small doses of pure proteose. We have studied also the blood changes in animals which were being observed in con: nection with other experiments. In some of these animals symptoms of intoxication developed after the onset of peritonitis or the production of a pancreatitis or pleurisy,---conditions which have been shown to possess certain features in common with intestinal obstruction (2) .
Our experimental observations have shown that the intoxication which develops after an acute or chronic obstruction of the intestine is in most instances associated with definite changes in the blood proteins. In a simple obstruction with toxic death and a rise in the non-coagulable nitrogen of the blood the serum globulins may rise to double their initial value within 48 hours after the production of the obstruction. And in the majority of such instances the globulins continue high until death. Similarly, animals with a chronic obstruction show a rise in the serum globulins. In these animals the globu-lin increase takes place more slowly, but it may be of greater magnitude, and may show a tendency to return to its initial value.
Some of the most important observations have come from a study of the blood of animals with some of the complications met with in these loop experiments,--peritonifis, rupture of the loop, and over~helming intoxication. In these experiments, the globulin content of the serum usually rises with marked rapidity and to the highest point. The blood of some of the animals may show a complete inversion of the normal albumin-globulin ratio. We have found this immediate rise in the blood globulins to be so constantly present in these complications that we believe its occurrence to be of value in the differential diagnosis of acute conditions associated with the sudden liberation of a toxic exudate. This observation is in harmony with previously recorded experiments (1), which have demonstrated that a number of inflammatory conditions with tissue destruction and pus formation are accompanied by a rise in the blood globulins. And from the present experiments we have additional evidence that an increase in the globulins may occur even when the inflammatory conditions are not the result of bacterial.invasion, although it would appear that a combination of both factors,--bacteria and inflammatory irritants gives rise to greater alterations in the ratio.
Injections of small immunizing doses o5 toxic proteose, on the other hand, do not produce any marked alteration either in the percentage of the serum proteins or in the normal partition of the albumin and globulin fractions. The changes observed in the loop experiments may, however, result if the dosage is large and the attending intoxication profound.
From these experiments we have, furthermore, additional evidence that no parallelism exists between a rise in the blood globulins and the development of an immunity or tolerance. That such a tolerance resulted from the repeated proteose injections is clear from the fact that the animals were resistant to the injection of larger doses of this toxic substance; and yet observations upon the blood failed to disclose an increase in the globulin content. An occasional increase in the percentage of globulin did occur, but this was usually transitory and small.
Methods.
Dogs were used in all the experiments. The operations were done under surgical anesthesia and with the usual aseptic technique. A description of the experimental conditions studied has been given in previous communications (3) .
Specimens of blood were obtained from the jugular vein previous to a feeding in order to get a clear serum, and analyses were made prior to or on the day of operation and at regular intervals thereafter.
AU the determinations of the albumin, globulin, and non-protein fractions recorded in the columns of the tables were made by the micro-refractometric method of Robertson (4) . The advantages of this method for these studies over those used heretofore have been discussed in a previous paper (1).
EXPERIMENTAL.

The Serum Proteins of Normal Dogs.
The percentage of total protein and the relative proportions of albumin and globulin present in normal dog serum have not been extensively studied by the more recent and more accurate methods. The high globulin figures obtained by Lewinski 1 (5) are not in accord with the more recent percentages obtained by the micro-refractometric method. The percentages obtained by Robertson and his coworkers (6) as well as our own are considerably lower (Table I) . We have found the average total protein percentage obtained from a study of thirty-five normal dogs to be 6.1 per cent, of which the globulin fraction constituted 1.5 per cent. These figures are in accord with those recently obtained by Jewett (6) in a study of a smaller number of sera by the same method. From Table I it is apparent that normal dogs may show some variation in the percentages of total protein, serum albumin, and serum globulin. These normal fluctuations are not large, however, when compared with those observed in the experimental conditions studied. Whereas the protein quotient in normal animals averages 3.0 and in most instances does not fall below 1.5, some of the animals with intoxication show at one period or another a quotient much below 1.0. We have taken these normal variations into account in that determinations of the normal percentages were made previous to the study of the experimental condition. Table II it is clear that the progressive intoxication has registered definite changes in the blood proteins. 48 hours after the operation, the serum globulins had already increased 50 per cent. This increase, it would appear, is partly at the expense of the albumin fraction. And in spite of the progress of the iatoxication, no further rise in globulins took place until the day of death, when this fraction constituted 55 per cent of the total proteins. The terminal increase of the total protein to double its initial value is also noteworthy. This is probably to be accounted for by the extreme dehydration which occurred during the last few days as a result of vomiting. From the protocol and table, it is clear that the percentage rise in globulins showed no tendency to parallel the increase in the severity of the intoxication. The protocols of both of these experiments show that the intoxication in this type of closed intestinal loop is slowly progressing. Dog 6 lived 15 days, and Dog 2 was killed 19 days after the operation. The loop in these experiments was made by isolating a circular portion of the intestine and reestablishing the continuity of the rest of the intestine without obstructing the flow from the duodenum to the jejunum and ileum. The intoxication developed under these conditions is mild, and this explains the slight changes in the non-coagulable nitrogen of the blood.
Simple
Notwithstanding the mildness of the intoxication, both animals showed considerable alteration in the albumin-globulin ratio of the blood. Dog 6 is of great interest, because this animal showed no clinical symptoms of intoxication during any period of the experiment, and was found dead on the 15th day. The percentage of globulins, however, had increased 13 per cent on the 5th day (Table  III) , but on the day of death the globulins had returned almost to a normal level. Dog 2 lived 3 weeks. This experiment is especially complete, since the blood examinations could be made over a longer period. In this instance, also, the toxic symptoms were not marked. The first definite rise in the globulins was noted only on the 7th day after the operation (Table IV) . On the 10th day, the globulin fraction constituted 90 per cent of the total protein, which at this time showed only slight variation from its initial value. The reason for so marked a rise in the globulins of this animal is not clear. Since the total protein percentage on this day showed only little change, it must be assumed that the increase in globulins took place at the expense of the albumin fraction, which fell from an initial value of 4.1 per cent to 0.5 per cent. Following the maximum rise, the globulins began to decrease on the 13th day, gradually reaching 35 per cent on the day the animal was killed. The fluctuations in the Various fractions are shown in Text- fig. 1 . Both experiments illustrate two points which deserve especial emphasis: first, the absence of any parallelism between the degree of intoxication and the percentage rise of globulins; and second, the tendency noted in several experiments for the globulin curve to return to its initial level. This would seem to indicate that the partition of the serum protein may become normal when the cause or causes which alter the relative proportions are no longer at work. Autopsy.--Thorax, heart, and lungs normal. Peritoneal cavity contains many isolated pockets of purulent exudate. A large, round worm is free in the peritoneal cavity, having escaped from the loop, which contains numerous similar worms. There are organized adhesions just below the end to end anastomosis, causing a sharp kink and probably complete obstruction. The loop contains 130 cc. of pale, s/ate-colored fluid with a strong odor. Mucosa of loop pale and intact. The peritonitis is probably of 1 or 2 days' duration. Tables V and VI give the changes observed in the serum proteins of animals with dosed loops of the jejunum. In these dogs, also, the loops were so made that there was unobstructed flow through the duodenum. Dog 15 lived 18 days (Text- fig. 2 ), and showed through-out only a mild intoxication. The percentage of globulins rose only moderately on the 6th day, and on the day the animal was killed the globulins constituted 46 per cent of the total protein. At autopsy the loop was found much distended with fluid, but the peritoneal cavity was moist and clean.
In Dog 4 the same experimental condition was produced, but this experiment illustrates one of the complications which may arise in animals with closed loops. This dog developed a peritonitis as a result of leakage from the loop, and was killed 5 days after the operation. 2 days after the loop had been isolated, the percentage of globulins had already risen from 20 to 68 per cent. The percentage of total protein fell, and, as will be seen from Text- fig. 3 , the rise in globulins occurred largely at the expense of the albumin fraction.
On the day the animal was killed, the globulins constituted 82 per cent of the total protein,--a complete inversion of the.normal ratio. At autopsy 130 cc. of fluid were found in the peritoneal cavity, the peritonitis appearing to be of 1 or 2 days' duration. But according to the other experiments with uncomplicated closed loops, such a rapid and marked rise in the globulin fraction is not the usual occurrence. This would indicate that the leakage of toxic material with its rapid absorption may well have commenced soon after the operation. This observation together with others furnishes good evidence that a rapid absorption of toxic exudate may give rise to an early and large increase in the percentage of serum globulin.
The Effect of Intravenous Injections of Proteose upon the AlbuminGlobulin Ratio.
The immunity to proteose injections shown by dogs with longstanding closed intestinal loops indicates that the presence of a closed loop causes a chronic proteose intoxication, which gives the animal a certain degree of immunity against these toxic substances. In order to determine whether the rise in serum globulins observed in these loop experiments was associated with the development of this tolerance, the observations recorded in Table VII were made. Three normal dogs were injected intravenously with small sublethal doses of pure proteose. Injections were given at weekly intervals and analyses of the blood were made before each injection. The proteose was prepared either from loop fluid or from peritoneal exudates. After the second injection the animals responded well to larger doses, and showed only slight signs of intoxication. It is clear from Table VII that dogs injected with small doses ot proteose do not show any alteration in the albumin-globulin ratio of the blood serum. The occasional slight rise which has been observed is within the limit of the variations noted in normal dogs. It would appear, therefore, that although the animals developed a tolerance for increasing doses of proteose, the globulin content remained unchanged. It should be emphasized that this is a slowly devel- oping tolerance for proteose which is produced under these experimental conditions.
The Effect of Peritonitis, Pancreatitis, and Pleurisy upon the AlbuminGlobulin Ratio.
Table VIII contains some observations upon various inflammatory conditions in which the partition of the protein fractions was studied. In Dog 38 the peritonitis resulted from leakage following gastrojejunostomy. The high percentage of globulins noted in this experiment is in harmony with similar observations (Table VI) .
Dogs with sterile pleurisy produced by the injection of turpentine and aleuronat also show a high globulin content in the serum. In these experiments the presence of bacteria in the pus formation was excluded by obtaining sterile cultures from the exudate. Notwithstanding this, however, a considerable increase in globulins occurred. This observation supplements the results of previous experiments. We have shown in a previous paper (1) that bacterial toxins obtained from bacterial growths by Berkefeld filtration may give rise to just as marked an alteration in the ratio as the injection of living and killed cultures of the organisms themselves.
The experiments with acute hemorrhagic pancreatitis produced by the injection of dog's bile into the pancreatic duct further emphasize this point• Dog 41 is of especial interest, because in this animal the pancreatitis was complicated by a turpentine abscess. This animal showed a complete inversion of the albumin-globulin ratio, the globulins constituting 81 per cent of the total protein. During the course of the experiments a few other conditions were studied which deserve brief mention. An opportunity was afforded to study a few animals with distemper (Table IX) . With the infection of the respiratory passages these animals may at times show well marked signs of intoxication. Of six dogs studied only two showed any considerable alteration in the ratio. Two dogs showed a moderate change, and in two animals the albumin and globulin percentages were normal. From these few observations no definite conclusion is permissible, but it would appear that even where the globulin rise in this infection does occur, the percentage increase is not nearly so marked as that noted in some of the loop animals with complications or in those with abscess formatioff and tissue destruction. Similarly, the blood of a number of Eck fistula dogs (Table X ) was studied. Only one of the animals observed presented definite symptoms of intoxication at the time the protein partition was determined, and in this instance it was found normal. Another animal (Dog 52), on the other hand, showed a definite rise in globulins, but this animal had been in poor condition for 10 days prior to the blood examination. The low protein content obtained in this animal on this date is in keeping with the loss of weight and the impaired nutrition. Dog 50 also showed an increased globulin content, but this animal had developed distemper a month previously, and still had some signs of infection when the blood analysis was made. DISCUSSION. A satisfactory explanation of our experimental observations would require a knowledge concerning the origin and chemical relation of the various protdn fractions, which we do not possess at present. It is permissible, however, to discuss several points on the basis of the data available. According to the work of some observers, the increase in globulins might be regarded as one of the phenomena which attend the development of the immunity or tolerance gradually acquired by an animal with long-standing obstruction or that following the repeated injections of proteose. Moll (7) has given some experimental evidence in support of such a view by showing that the formation of precipitins in the sera of animals injected with foreign protein parallels in a measure the rise in the globulins which occurs in them. Our experiments, however, do not give support to this interpretation. As already pointed out, we were unable to demonstrate that the development of resistance by an animal is accompanied by a heaping up of globulins in the blood. It will be recalled that following the repeated proteose injections in immunizing doses no increase in the serum globulins took place; whereas, in the loop animals in which this was a striking feature we were unable to show that the globulin increase was in any way related to periods of clinical improvement, or that a fall was associated with the development of a more severe intoxication.
It would seem more probable that the alteration in the normal partition of albumins and globulins, and the complete inversion of the ratio following the rapid absorption of a toxic exudate is due to some fundamental change in metabolism. That such a metabolic upset occurs in the intoxications studied has been demonstrated by one of us (2) . It has been shown that the exciting cause in some of these intoxications is the absorption of a toxic substance resulting from local tissue disintegration, or an upset in the delicate protein equilibrium. These poisons so formed are widely distributed in the body, and cause much protein injury. One result of this extensive destruction of body protein is the accumulation of non-coagulable nitrogenous substances in the blood, and an increased elimination of nitrogen immediately following the injury. It is, therefore, not unreasonable to assume that such a marked metabolic disturbance may also register a change in the coagulable proteins of the blood. Still more difficult to explain, however, is the rapidity with which the inversion of the ratio is produced, and the increase of the globulins at the expense of the albumin fraction. From a theoretical viewpoint, a heaping up of blood globulins might be the result of a more rapid formation or a less rapid destruction of this substance or, lastly, of its diminished utilization. From what has already been said~ it would seem that catabolism is especially active in these intoxications, and that anabolism is more or less at a low ebb. On the basis of the experiments now available, it is not possible to state with certainty which of the metabolic phases is more responsible for the changes observed. According to the work of Moll (8) , the rise in the globulin content may be explained as the result of a more rapid conversion of albumin into globulin due to the accelerated metabolism; whereas the observations of Cervello (9) suggest the explanation that a heaping up of globulins may result from the diminished utilization of them by the body tissues.
It is worth while keeping two facts in mind. With an acute and profound intoxication of almost any type, we usually observe more or less increase of the globulin fraction at the expense of the albumin portion. With a slowly induced tolerance or immunity to a proteose or similar poison following repeated small doses of the poison, we usually observe little change, if any, in the globulin-albumin ratio. There is no relation between the tolerance or immunity developed and the upset in the globulin-albumin fractions. There does seem to be a relation between the shock and intoxication caused by the poison and the globulin increase: in general, the more profound and acute the intoxication, the more does the globulin increase at the expense of the albumin, even to an inversion of the normal ratio.
These severe intoxications show a remarkable increase in the elimination of urinary nitrogen above the normal base-line level (Whipple, Cooke). There is strong evidence for profound tissue injury with an upset in the delicate protein balance of the body cells. May we assume that the change in the blood proteins is primary and dependent upon the direct action of the poison, or may we assume that the blood protein changes, like the blood non-protein changes, are dependent upon a primary cell protein reaction? More experimental work is required to answer these and many other questions concerning the blood proteins about which our knowledge is incomplete.
CONCLUSIONS.
The intoxication which develops as the result of a simple obstruction or a closed intestinal loop is accompanied by definite changes in the coagulable proteins of the blood serum. These changes consist essentially in an alteration in the normal albumin-globulin ratio; the globulin fraction is greatly increased and at times the normal relation of the two fractions may show a complete inversion.
The increase in the globulin content of the blood serum is most marked in the animals which show some of the complications met with in loop animals,--rupture of the loop and peritonitis. In the latter conditions especially, the globulin increase is rapid and large. We believe this reaction to be of diagnostic value in acute infections attended by the sudden liberation and absorption of a toxic exudate.
Infections and intoxications produced by inflammatory irritants are also accompanied by a rise in the blood globulins. This observation suggests that tissue disintegration with absorption of toxic products is responsible for the changes noted, and that bacterial invasion is important ordy in as far as it gives rise to toxic substances.
Animals which have developed a tolerance to proteose intoxication following the periodic injection of small doses of proteose do not show a globulin increase. These experiments do not support the view that the rise in globulins observed in these experimental conditions is an expression of a resistance or tolerance developed by the animal.
From the experimental evidence it seems more probable that the alteration in the partition of the blood protein fractions is one of the results of the metabolic disturbance which has been shown to occur in these conditions. BIBLIOGRAPHY.
